Abstract: Epimedium herb is one of the most vital traditional Chinese medicines (TCMs), which is used for "nourishing the kidney and reinforcing the Yang". In the guidance of TCM theory, Epimedium herb is usually processed with lamb oil to increase its efficacy. The contents of active ingredients in different Epimedium are significantly varied, which may derive from their different species, regions and processing methods. In this research, 13 batches of raw Epimedium collected from 6 provinces were identified. After optimization of the processing method of Epimedium, a liquid chromatography-mass spectrometry (LC-MS/MS) method for simultaneous determination of 16 compounds was established to evaluate the quality of raw and processed. Then the multivariate statistical technique was applied to compare different batches of Epimedium based on the LC-MS/MS data. As a conclusion, the herbs collected from 6 areas were ascribed to 5 species by microscopic and appearance features. Meanwhile, all of the raw and processed samples were classified by partial least squares discriminant analysis (PLS-DA) based on the 16 analyzed compounds. The comparison results indicate that processing and species both have important influences on Epimedium compositions contents.
Introduction
Epimedium herb, commonly named as Yinyanghuo in Chinese, has its origins in the Berberidaceae family which include Epimedium koreanum Nakai, Epimedium brevicornum Maxim., Epimedium pubescens Maxim., Epimedium sagittatum (Sieb.et Zucc.) Maxim. and Epimedium wushanense T. S. Ying [1] . According to the "Shen Nong's Herbal Classic" records, as one of the tonic TCMs, Epimedium herb has been used for more than 2000 years [2] .
Chemical studies reveal that more than 260 ingredients have been isolated from Epimedium, such as flavonoids, polysaccharides, essential oils, phytosterols, phenolic acids and alkaloid [3, 4] . Pharmacological studies demonstrate that ingredients in Epimedium possess various attributes. For example, flavonoids, the major constituents in Epimedium which including baohuoside II, baohuoside I, epimedin A, epimedin B, epimedin C, quercitrin, sagittatoside A, sagittatoside B, hyperoside, icariside I, icariin and astragalin, have been widely used for improving cardiovascular and promoting sexual function [5, 6] . They also show anti-osteoporosis, anti-inflammation, anti-cancer and anti-oxidation effects [7] [8] [9] [10] [11] . Meanwhile, the phenolic acids such as chlorogenic acid, neochlorogenic acid and cryptochlorogenic acid have extensive pharmacological actions including anti-inflammation, anti-fatigue and antitumor properties [12] [13] [14] . Furthermore, alkaloid such as magnoflorine is found to possess anti-glycemic and anti-oxidant activities [15, 16] .
In TCM theory, processing is a necessary procedure, which can enhance clinical efficacy and decrease the toxicity of herbs [17] . For Epimedium herb, much research suggests that processed and unprocessed herbs have a different effect in pharmacological and clinical. The drug processed has greater efficacy for improving sexual desire and performance, while the raw has stronger efficacy in osteoporosis and rheumatism [18, 19] . Modern studies focusing on pharmacological properties reveal that the processed method is an important factor influencing composition contents. Chen et al. reported that the contents of flavonoids were increased when the processing temperature was 60 • C [20] while Gao et al. claimed that 120 • C may be the best [21] . Comparing the contents of flavonoids after processing, Li et al. pointed out roasting was better than frying [22] . In practical production, there are many processing methods for Chinese herbs, including stir-frying, steaming, calcining, roasting and boiling. The Chinese Pharmacopoeia (2015 edition) record stir-frying with lamb oil as the processing method of Epimedium herb but not in detail [1] . Thus, it is necessary to optimize the traditional processing method to gain standardization.
The previous study reported that both species and region had a notable impact on the contents of TCMs [17] . Gao et al. indicated that the magnolia content of E. koreanum Nakai was 10 times higher than E. brevicornu Maxim. Moreover, the E. brevicornum Maxim. collected from Gansu province were better than other provinces [23] . So it is important to develop a reliable method for Epimedium identification based on the appearance and microscopic features.
In general, baohuoside I and icariin are considered as the major active components and the quality marker of Epimedium herb [1] . However, other ingredients such as phenolic acids and alkaloid with verified pharmacological activities are also abundant in Epimedium. Comprehensive quality control demands a method to analyze multiple active components of Epimedium simultaneously. Chen et al. compared the methods for determination of 15 flavonoids in raw Epimedium by high-performance liquid chromatography (HPLC) and ultra performance liquid chromatography (UPLC). The analysis time of the UPLC method was shorter than HPLC, and the UPLC method was more sensitive [24] . Moreover, Zhu et al. had established the fingerprint chromatogram of Epimedium by UPLC, and found there were 5 differences in fingerprint between crude and processed product [25] . Naseer's research demonstrated that the HPLC-MS method exhibits higher sensitivity, lower LOQs and shorter analysis time compared with the HPLC-ultraviolet (UV) and UPLC-UV methods [26, 27] .
Considering all these factors, Epimedium from 6 regions in China were ascribed to 5 species (E. koreanum Nakai, E. brevicornum Maxim., E. pubescens Maxim., E. sagittatum (Sieb.et Zucc.) Maxim. and E. wushanense T. S. Ying) by appearance and microscopic features. Then, 13 batches of samples were processed by optimized method and 16 ingredients including 12 flavonoids such as baohuoside II, baohuoside I, epimedin A, epimedin B, epimedin C, quercitrin, sagittatoside A, sagittatoside B, hyperoside, icariside I, icariin and astragalin, 3 phenolic acids such as chlorogenic acid, neochlorogenic acid, cryptochlorogenic acid and 1 alkaloid such as magnoflorine were simultaneously evaluated by LC-MS/MS. The present assay was further applied to investigate and compare the main components of crude and processed Epimedium using multivariate data analysis (partial least squares discriminant analysis (PLS-DA)) [28, 29] .
Results and Discussion

Appearance and Microscopic Features of Epimedium
As shown in Figure 1 , it is clear that the different features appear in leaf size, shape, material and texture. It is also obvious that microscopic features differ in leaf upper epidermis, leaf lower epidermis, fibers, non-glandular hairs, glandular hairs, reddish-brown content and oil cells. The detail information and identification of Epimedium were demonstrated in Table 1 . The appearance and microscopic features of Epimedium are shown in Figures S1-S13.
For TCM, morphologic analysis, microscopy analysis and DNA analysis were useful tools for taxonomic identification of plant species. DNA barcoding and microsatellite analyses to distinguish plant species were more accurate [30] [31] [32] [33] [34] . In the present paper, considering that they are effective and easily undertaken, morphologic and microscopy analysis were chosen as the reasonable method for herb identification. In the future, it is necessary to identify herbs comprehensively by various methods. For TCM, morphologic analysis, microscopy analysis and DNA analysis were useful tools for taxonomic identification of plant species. DNA barcoding and microsatellite analyses to distinguish plant species were more accurate [30] [31] [32] [33] [34] . In the present paper, considering that they are effective and easily undertaken, morphologic and microscopy analysis were chosen as the reasonable method for herb identification. In the future, it is necessary to identify herbs comprehensively by various methods. 
Optimization of Processing Conditions
The Chinese Pharmacopoeia indicates that icariin is the quality indicator for raw Epimedium herb, while icariin and baohuoside I for processed Epimedium herb. Flavonoids are considered as the major effective compounds in Epimedium, meanwhile glycosyl in the structure of flavonoids could be removed, such as epimedin C could transfer into icariin. Therefore, to optimize processing conditions, flavonoids including epimedin A, epimedin B, epimedin C, icariin and baohuoside I were chosen as the evaluation indicator. In order to obtain the optimal processing method, the processing heat (200 w, 400 w and 600 w), processing time (5 min, 10 min and 15 min) and samples weight (5 g, 10 g and 15 g) were selected as main elements. As shown in Table 2 , the maximum content of total flavonoids could be achieved when 15 g of raw samples is heated under 200 w for 5 min. As a result, the method was selected as the optimization method to further process raw Epimedium.
The content of total flavonoids decreases with an increase in the processing time from 5 min to 15 min. At the same time, the content increases when the processing heat decreases from 600 w to 200 w. The reason for the content change after processing is high temperature destroys the structure of unstable constituents. For example, the sugar moieties of the glycosides are usually rhamnose, glucose, xylose or their corresponding acetyl or coumaroyl sugars at C-3 and/or C-7 positions may be lost. Regarding processing, the impact of the various factors is as follows: processing heat > processing time > samples weight.
Quantification the Raw and Processed Samples by LC-MS/MS
Causes of differences in pharmacological and clinical effects between processed or unprocessed Epimedium herb are still indeterminate. To find the material basis of processing, LC-MS/MS was applied to detect multiple components of Epimedium. 
Optimization of Processing Conditions
Quantification the Raw and Processed Samples by LC-MS/MS
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E. koreanum Nakai 5 Jilin
Leaves subrounded, apical leaf relative long, with serrate on the margin, base deep heart-shaped and askew, leaflets slightly large, leaves thin, membranous.
Epidermal cells slightly wavy, lower epidermal stomas and non-glandular hairs on them; non-glandular hairs straight or slightly wavy, some cells containing reddish-brown content.
E. koreanum Nakai
Leaves elliptical or subrounded, apical leaf relative long, with serrate on the margin, base deep heart-shaped and askew, leaflets slightly large, leaves thin, membranous.
Epidermal cells slightly wavy, lower epidermal stomas and non-glandular hairs on them; non-glandular hairs straight or slightly wavy, few undulant curvy; cells very big, some cells containing reddish-brown content.
E. koreanum Nakai 10 Hubei Leaflets in base deep heart-shaped, with serrate on the margin, leathery.
Epidermal cells slightly wavy; anomocytic stomata; non-glandular hairs relative less; columns of calcium oxalate scattered throughout; some cells containing reddish-brown content.
E.brevicornu Maxim.
11 Gansu Leaves thin, relatively large.
E. koreanum Nakai 12 Gansu
The lower surface of leaf and petiole densely covered with villous pilose, leaves thin, leathery.
Non-glandular slightly fine and wavy; glandular rare; upper and lower epidermal cells curved or irregular; anomocytic or anisocytic stomata sparse; fibers visible; some containing secretions.
E. pubescens Maxim.
Liaoning
Leaves elliptical or subrounded, apical leaf relative long, with serrate on the margin, base deep heart-shaped and askew, leaflets slightly large.
E. koreanum Nakai The linear calibration curves of peak areas (y) vs. concentrations (x) were plotted for 16 compositions. The regression coefficients (r) are >0.996 for the 16 compounds, indicating a good linearity within a relatively wide range of concentrations. The lower limits of quantitation (LLOQs) are all less than 1 ng/mL for all compositions. For the precision, the relative standard deviations (RSDs) for relative contents of 16 characteristic components are <3.53%, respectively. In repeatability test, RSD values for relative contents range from 1.02% to 9.79%. The results indicate that the current method has a satisfactory precision and repeatability. The stability presented as RSD is in the range from 2.99% to 9.27%, indicating that the samples are stable within 24 h. The recoveries of six replicates range from 90.32% to 112.40% for the 16 analytes. The results indicate that the efficiency of sample preparation is acceptable in the current condition. The typical multiple reaction monitoring (MRM) chromatograms of the analytes were shown in Figure 2 . The validation data showed in Table 3 are considered to be satisfactory for subsequent analysis of all of the samples. The data of the present LC-MS/MS method demonstrate that it exhibits higher sensitivity, lower LLOQs and shorter analysis time compared with the existing HPLC-UV and HPLC-MS methods [24] [25] [26] [27] .
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Method Validation
The linear calibration curves of peak areas (y) vs concentrations (x) were plotted for 16 compositions. The regression coefficients (r) are >0.996 for the 16 compounds, indicating a good linearity within a relatively wide range of concentrations. The lower limits of quantitation (LLOQs) are all less than 1 ng/mL for all compositions. For the precision, the relative standard deviations (RSDs) for relative contents of 16 characteristic components are <3.53%, respectively. In repeatability test, RSD values for relative contents range from 1.02% to 9.79%. The results indicate that the current method has a satisfactory precision and repeatability. The stability presented as RSD is in the range from 2.99% to 9.27%, indicating that the samples are stable within 24 h. The recoveries of six replicates range from 90.32% to 112.40% for the 16 analytes. The results indicate that the efficiency of sample preparation is acceptable in the current condition. The typical multiple reaction monitoring (MRM) chromatograms of the analytes were shown in Figure 2 . The validation data showed in Table 3 are considered to be satisfactory for subsequent analysis of all of the samples. The data of the present LC-MS/MS method demonstrate that it exhibits higher sensitivity, lower LLOQs and shorter analysis time compared with the existing HPLC-UV and HPLC-MS methods [24] [25] [26] [27] . The validated method was applied to the analysis of 13 batches of raw and processed Epimedium samples. A total of 16 active ingredients were quantified with the external standard method based on their respective calibration curves. The contents of 16 compounds in raw and processed Epimedium samples were listed in Table 4 . As shown in Figure 3 , there are changes in contents of analytes, but not in the composition between raw and processed samples.
The Results of Data Analysis
The LC-MS/MS results were further analyzed by PLS-DA. In Figure 4 , the three-dimensional (3D) score plot of PLS-DA was carried out to measure the difference between raw and processed Epimedium. All samples of raw (A1-A13) clusters are in a small region, which are distinguished from the processed samples. The processed samples (B1-B13) are clustered in another relatively discrete larger sphere, which indicates the qualities of the raw samples are more stable than the processed samples. Constituents with large loading values can be considered as markers, which contribute obviously to the classification of the samples. In the present study, the potential active ingredients whose VIP > 1 are icariside I, baohuoside II, quercitrin, icariin, and sagittatoside B. The raw and processed samples could be distinguished clearly, which explain that processing plays a crucial role in the contents change of Epimedium. The quality markers of processed Epimedium are always chosen as epimedin A, epimedin B, epimedin C, icariin and baohuoside I [35] ; however, the present research has found the ingredients affected most by processing are icariside I, baohuoside II, quercitrin, icariin, and sagittatoside B. Therefore, the study provides new point of view on indicators to the further optimize processing conditions of Epimedium.
Quantitative Analysis of Raw and Processed Products
The validated method was applied to the analysis of 13 batches of raw and processed Epimedium samples. A total of 16 active ingredients were quantified with the external standard method based on their respective calibration curves. The contents of 16 compounds in raw and processed Epimedium samples were listed in Table 4 . As shown in Figure 3 , there are changes in contents of analytes, but not in the composition between raw and processed samples.
The Results of Data Analysis
The LC-MS/MS results were further analyzed by PLS-DA. In Figure 4 , the three-dimensional (3D) score plot of PLS-DA was carried out to measure the difference between raw and processed Epimedium. All samples of raw (A1-A13) clusters are in a small region, which are distinguished from the processed samples. The processed samples (B1-B13) are clustered in another relatively discrete larger sphere, which indicates the qualities of the raw samples are more stable than the processed samples. Constituents with large loading values can be considered as markers, which contribute obviously to the classification of the samples. In the present study, the potential active ingredients whose VIP > 1 are icariside I, baohuoside II, quercitrin, icariin, and sagittatoside B. The raw and processed samples could be distinguished clearly, which explain that processing plays a crucial role in the contents change of Epimedium. The quality markers of processed Epimedium are always chosen as epimedin A, epimedin B, epimedin C, icariin and baohuoside I [35] ; however, the present research has found the ingredients affected most by processing are icariside I, baohuoside II, quercitrin, icariin, and sagittatoside B. Therefore, the study provides new point of view on indicators to the further optimize processing conditions of Epimedium. Table 1 . As shown in Figure 6 , the plot was used to assess the difference in samples collected from various regions. PLS-DA results reveal that six provinces of samples could not be distinguished clearly. The samples (A1, A2, A4 and A5) obtained from Jilin appear close to Shan'anxi, Gansu and Liaoning provinces. Batches of samples 3, 7, 8, 11 and 12 all from Gansu province are dispersed in As shown in Figure 5 , most samples are clearly clustered into distinct groups corresponding to species. Distinguishing from other samples, all samples of E. koreanum Nakai (A2, A4, A5, A6, A11 and A13) cluster in one region. E. pubescens As shown in Figure 6 , the plot was used to assess the difference in samples collected from various regions. PLS-DA results reveal that six provinces of samples could not be distinguished clearly. The samples (A1, A2, A4 and A5) obtained from Jilin appear close to Shan'anxi, Gansu and Liaoning provinces. Batches of samples 3, 7, 8, 11 and 12 all from Gansu province are dispersed in Figure 5 . PLS-DA score scatter plot for samples collected from different species: (1) E. sagittatum (Sieb.et Zucc.) Maxim.; (2) E. koreanum Nakai; (3) E. wushanense T. S. Ying; (4) E. brevicornu Maxim.; (5) E. pubescens Maxim. The denotations from numbers 1 to 13 were the corresponding sample numbers as listed in Table 1 (R2X = 0.974, R2Y = 0.971, Q2 = 0.259).
As shown in Figure 6 , the plot was used to assess the difference in samples collected from various regions. PLS-DA results reveal that six provinces of samples could not be distinguished clearly. The samples (A1, A2, A4 and A5) obtained from Jilin appear close to Shan'anxi, Gansu and Liaoning provinces. Batches of samples 3, 7, 8, 11 and 12 all from Gansu province are dispersed in both negative and positive axis. The figure reveals that the factor of the region has no significant impacts on the classification of Epimedium.
both negative and positive axis. The figure reveals that the factor of the region has no significant impacts on the classification of Epimedium. 
Materials and Methods
Plant Material
In the present study, 13 batches of Epimedium were collected from different regions of China during 2015 and 2016. The origins of the samples were shown in Table 1 .
Chemicals
Acetonitrile, methanol (Thermo Fisher Scientific, Waltham, MA, USA), formic acid (ROE SCIENTIFIC INC Newark, NJ, USA) were all of HPLC grade. Analytical grade ethanol was obtained from Tianjin Guangfu Science Co. Ltd. (Tianjin, China). Ultrapure water was prepared by a Milli-Q water purification system (Millipore, Milford, MA, USA). The reference standards (purity > 98%) of baohuoside II, baohuoside I, epimedin A, epimedin B, epimedin C, quercitrin, sagittatoside A, sagittatoside B, hyperoside, chlorogenic acid, magnoflorine, neochlorogenic acid, cryptochlorogenic acid, icariside I, icariin and astragalin were purchased from Tianjin, Yifangzhongkang Pharmaceutical Technology Co. Ltd. (Tianjin, China). Lamb oil was purchased from Yuquan Road Market (Tianjin, China).
Identification of Epimedium
The species of Epimedium were identified according to the leaves' appearance and microscopic features. After screening with the No. 4 sieve, each dried sample was ground to powder by an electric grinder. Samples were placed on the slides and permeated twice with 1-3 drops of chloral hydrate, and then sealed by diluted glycerol and coverslip. For observation, Epimedium powder samples were taken with a digital camera and light microscope with 20 times magnification.
Optimization of the Processing Method of Epimedium
Lamb oil, 20% weight of raw samples, was melted in a hot pot. Raw Epimedium was then added and heated with constant tossing or stirring until the raw samples became sheeny and yellow. In order to optimize the processing method of Epimedium, the effects of processing technological factors, including processing heat, processing time and weight of Epimedium were investigated by orthogonal experimental design (L9 (3) 4 ). Total flavonoids (epimedin A, epimedin B, epimedin C, icariin and baohuoside I), as major active constituents, were chosen as the marker chemicals to evaluate the quality of processed Epimedium (Table 5 ). 
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Plant Material
Chemicals
Identification of Epimedium
Optimization of the Processing Method of Epimedium
Lamb oil, 20% weight of raw samples, was melted in a hot pot. Raw Epimedium was then added and heated with constant tossing or stirring until the raw samples became sheeny and yellow. In order to optimize the processing method of Epimedium, the effects of processing technological factors, including processing heat, processing time and weight of Epimedium were investigated by orthogonal experimental design (L9 (3) 4 ). Total flavonoids (epimedin A, epimedin B, epimedin C, icariin and baohuoside I), as major active constituents, were chosen as the marker chemicals to evaluate the quality of processed Epimedium (Table 5 ). Thirteen batches of Epimedium were processed by the optimized method. Then, 100 mg Epimedium samples (raw or processed) were extracted with 100 mL of 70% aqueous ethanol under ultrasonic extraction conditions over 60 min at room temperature. After filtering through a nylon membrane filter (0.22 µm), the filtrate was used as the test solution.
Sixteen reference standards (magnoflorine, chlorogenic acid, cryptochlorogenic acid, neochlorogenic acid, hyperoside, epimedin A, epimedin C, sagittatoside B, baohuoside I, icariin, astragalin, quercitrin, baohuoside II, icariside I, epimedin B and sagittatoside A) were dissolved in methanol at a final concentration of 1 mg/mL as stock solutions, respectively. Working standard solutions were further obtained by appropriate stock standard solutions mixed and diluted with methanol.
Chromatographic and Mass Spectrometry (MS) Conditions
Chromatography was performed on a CORTECSR C18 column (150 × 4.6 mm, 3 µm) at a 0.3 mL/min flow rate. The separation was obtained using the following gradient program: 0-4 min, 20-50% B; 4-5 min, 50-60% B; 5-15 min, 60-70% B (A: water containing 0.1% formic acid, B: acetonitrile). The injection volume was 5 µL and the column temperature was set at 30 • C.
The optimized conditions for MS detector were as follows: capillary voltage, −4000 V; drying gas (N2) flow rate, 9.0 L/min with a temperature at 300 • C; nebulizer pressure, 20 psi. The MRM scanning mode was employed for quantification in negative mode simultaneously. The mass spectra properties of 16 analytes were shown in Table 6 . Data analysis was performed using Masshunter Workstation Software from Agilent Technologies (version B.04.00). 
LC-MS/MS Method Validation
The linearity of the assay for the test compounds was performed by least-square linear regression of 16 analytes-to-standard peak area ratios (y) versus the normalized standard concentration (x). The LLOQ for each sample was defined by the concentrations that generated peaks with signal-to-noise values (S/N) of 5. For precision, the method was evaluated by intraday and interday variability. The RSDs were calculated as the measure of precision. In the repeatability examination, six replicates of the samples from the same batch were extracted and analyzed. To evaluate the stability of analytes, sample solutions were stored at room temperature and then analyzed by replicate injection at 0, 2, 4, 8, 12 and 24 h, the RSDs were used to assess the stability. The recovery was evaluated by adding the standard solution to samples, which was used to further investigate the accuracy of the method. In the study, a known amount of 16 standards were added to Epimedium samples in 100 mL of 70% aqueous ethanol. The samples were thoroughly mixed before analyzing by LC-MS/MS. The recoveries were calculated by the formulae: recovery (%) = (amount found − original amount)/amount spiked × 100%.
Statistical Analysis
The differences of Epimedium were analyzed by PLS-DA. The method established the regression relationship between the matrixes, so as to get a better regression prediction result. When the supervised pattern recognition method was employed, the samples would divide into training and validation set. The classification model is obtained by training set, and the established model is used to predict the validation set. In the research, the validated method was applied to analyze Epimedium samples, including 13 batches of raw Epimedium samples (A1-A13) and 13 batches of processed Epimedium samples (B1-B13). A total of 16 compounds, including 12 flavonoids (hyperoside, epimedin A, epimedin C, sagittatoside B, baohuoside I, icariin, astragalin, quercitrin, baohuoside II, icariside I, epimedin B and sagittatoside A), 3 phenolic acids (chlorogenic acid, cryptochlorogenic acid, neochlorogenic acid) and 1 alkaloid (magnoflorine) were used to evaluate the changes of Epimedium after processing. The statistical performances of the models were evaluated by R2X, R2Y, and Q2. Statistical analysis was analyzed by SIMCA-P 12.0 software (Umetrics, Umea, Sweden).
Conclusions
At the beginning of the research, the assay was performed to exam Epimedium herb based on the microscopic features and appearance, which has become a specific and effective tool for herbal medicine identification. Then, research was carried out on the optimization of processing conditions. In addition, the contents of 26 batches Epimedium from different species, varied regions and different processing methods were investigated by LC-MS/MS, which enables more accurate monitoring and control of the herb quality. The LC-MS/MS quantification data of 16 active compounds were analyzed by PLS-DA. The PLS-DA results indicate that Epimedium is significantly different, in relation to the factors of the species as well as the processing method. Furthermore, an important finding is that six provinces of samples could not be classified into six sub-clusters by PLS-DA, which means the contents of 16 active compounds in Epimedium have no strong relation with the factor of the region. 
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